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Soil acidity affects seed yield and crop quality negatively due to aluminium toxicity in 
most humid tropics where the crop is cultivated for food and cash income by smallholder 
farmers. This study was conducted to assess the effect of different exchangeable 
aluminium concentrations on bean chemical quality of two common bean genotypes 
grown on lime-treated and lime-untreated soils. Factorial combinations of five 
aluminium rates (0.0, 12.5, 25.0, 50.0, and 100.0 mg Al/ kg soil) and two common bean 
genotypes (New BILFA 58 and Roba 1) were laid out in a completely randomized design 
with three replications. For each treatment, four plants were raised per pot in the 
vegetation hall of Nekemte Soil Laboratory, western Ethiopia. The experiment was 
established in two sets: lime-treated soil and lime-untreated soil. The results revealed that 
aluminium toxicity caused major changes in the composition of the common beans. 
Significant differences (P < 0.01) were found among the different aluminium rates and 
between the two genotypes for bean crude protein, crude fibre, crude fat, and ash, 
carbohydrate, calcium, magnesium, and aluminium contents under both liming regimes. 
The interaction of aluminium and genotype also influenced most of the bean chemical 
quality attributes negatively. New BILFA 58 (acidic soil tolerant genotype) had better 
bean chemical quality attributes (except aluminium and condensed tannins contents) than 
Roba 1 (acidic soil sensitive genotype) under both liming regimes. On the average, lime 
application increased bean crude protein, crude fat, ash, and calcium contents by 4.1%, 
20.7%, 7.9%, and 11.7%, respectively. However, it decreased bean crude fibre and 
aluminium contents. Bean carbohydrate and condensed tannin contents of the genotypes 
increased in response to increasing aluminium application under both liming regimes. 
The total ash, which is an indirect indicator of the mineral content of foodstuffs, was 
found to be higher for New BILFA 58 than Roba 1 under both liming regimes. In 
conclusion, the results of this study have demonstrated that increased soil aluminium 
contents have significant negative effects on common bean quality, but integrated use of 
tolerant genotypes and application of lime can simultaneously alleviate the problem of 
low yield and reduced bean nutritional quality of the crop.  
 






Aluminium (Al) toxicity is a major agricultural problem in acid soils, and has been 
intensively studied in plants. Plants grown in acid soils due to Al solubility at low pH 
have undeveloped root system and exhibit a variety of nutrient-deficiency symptoms, 
with the consequence of decreased yields. Al interferes with the uptake, transport, and 
utilization of essential nutrients including Ca, Mg, K, P, Cu, Fe, Mn and Zn [1].  
 
Common bean (Phaseolus vulgaris L.) is a food legume grown on more than four million 
hectares annually in Africa. It provides dietary protein for over 100 million people in 
rural and poor urban communities, with an annual per capita bean consumption of 50 to 
60 kg in Eastern Africa being the highest in the world [2]. However, these benefits 
derived from the crop are challenged in many parts of the continent by multiple 
constraints that limit productivity [3]. Diets of subsistence farmers in Africa and South 
America often contain high carbohydrates (through cassava, maize, rice, wheat, (extra), 
but are poor in proteins [4]. Common bean provides proteins, essential amino acids, 
minerals such as Fe, Cu, Zn, P, K, Mg and Ca, starch and dietary fibre [4]. In nutritional 
terms, beans are often called the “poor man’s meat” because they are a source of 
inexpensive protein and rich in minerals (especially iron and zinc) and B-vitamins [5]. 
However, in addition to the nutritional components, beans also contain some anti-
nutritional factors such as protease inhibitors, tannins, and phytic acids [6]. 
 
Common beans are produced in South America and Africa mainly by smallholder 
farmers often on hillsides characterized by soils with low fertility, where nearly 40% of 
production areas are affected by soil acidity and aluminium (Al) toxicity, resulting in a 
30 to 60% reduction in yield [4]. In addition to yield and other agronomic features, the 
evaluation of genetic materials for improved common bean seed quality is necessary in 
the production of the crop since a cultivar with poor bean quality may be rejected by 
processors and consumers regardless of agronomic superiority [7]. In addition, 
knowledge on the physicochemical properties of agro-materials is of importance to plant 
breeders, food scientists, grain processors, and consumers [8]. 
 
Al toxicity affects growth and gas exchange [9], carbohydrate content [10], mineral 
nutrition [11], organic acid metabolism [12], and nitrogen metabolism [13] of the shoots 
of plants. It also appears as an induced calcium deficiency or as reduced Ca2+ transport 
within plants, causing curling or rolling of young leaves, inhibited growth of lateral 
branches, or a collapse of growing points on branches [14]. Several studies have reported 
genotypic variability in plant growth, physiology, and quality in response to Al toxicity 
[15]. 
 
Information on bean chemical quality of common beans grown on different type of soils 
in Ethiopia is scanty. Therefore, knowledge on the nutrient contents and anti-nutritional 
factors of common bean genotypes that are grown in acidic soils is important for 
researchers, food processors, nutritionists, and farmers growing the crop. The objective 
of this experiment was to assess the effect of exchangeable aluminium concentrations on 






MATERIALS AND METHODS 
 
Description of the Study Area 
The experimental site is located at Nekemte, western Ethiopia at 9°08’ N latitude and 
36°46’ E longitude with an altitude of 2080 metres above sea level. According to the 
weather data recorded at the Nekemte Meteorological Station, the average annual rainfall 
of the study site is 1300 mm with 725 mm for the experimental period (July – October) 
and the monthly mean minimum and maximum temperatures are between 10 to 15oC and 
24 to 28oC (Figure 1). The soil used for the pot experiment had a pH (H2O) of 4.81, 
exchangeable acidity of 4.92 cmol (+)/kg soil, exchangeable Al of 3.1 cmol (+)/kg soil, 
and acid saturation of 53.3 % before applying the treatment.  
 
 
Figure 1: Rainfall distribution and mean minimum and maximum temperatures 
of the experiment site (Nekemte) during the experimental period (June 
to October), 2011 
 
Description of Planting Materials 
Results from previous field (pH 4.5) and pot (pH 4.8) screening experiments conducted 
in 2009 and 2010, respectively, revealed that new BILFA 58 (NB 58) and Roba1 were 
identified as the most tolerant and sensitive genotypes to soil acidity, respectively [16]. 
New BILFA 58 is a genotype with type III growth habit having large-sized seeds (53 g 
per 100 seed) whereas Roba 1 is a small-seeded (22 g per 100 seed) commercial cultivar 
in Ethiopia with the type II growth habit. 
 
Treatments and Experimental Design 
The treatments consisted of factorial combinations of the two common bean genotypes 
(new BILFA 58 and Roba 1) grown in pots under  five rates of aluminium (0.0, 12.5, 
25.0, 50.0, and 100.0 mg Al/kg soil) applied to the soil in the form of Al2 (SO4)3. The 
experiment was laid out in a completely randomized design with three replications per 
treatment. The experiment consisted of two sets, one set with common bean plants grown 






Seeds of the two common bean genotypes were sown in pots (18 x18 cm) each filled 
with 10 kg soil. At the time of planting, the soil was fertilized with phosphorus at the rate 
of 92 kg P2O5 per hectare (307 mg P2O5/pot) considering the bulk density of 1.5 g cm3 
and a soil depth of 20 cm. Initially, six seeds were sown per pot and later thinned to four 
plants when the first trifoliate leaves unfolded. The different rates of aluminium and lime 
were applied four weeks prior to planting the seeds and worked into the soil. Lime was 
applied at the rate of 20 g/pot (9 tonnes/hectare) after determining the amount by the 
incubation method [17]. Pots were watered periodically with tap water to the 
approximate field capacity to facilitate normal plants growth. Agronomic management 
practices including weeding were applied as required. The beans were harvested as 
maturity and dried to the moisture content of 12.5%. 
 
Determination of proximate composition of the beans 
Moisture, total ash, crude protein, crude fat, and crude fibre contents of the beans were 
determined in the laboratory according to AOAC [18] using the official methods 925.09, 
923.03, 979.09, 4.5.01 and 962.09, respectively. 
 
1. Moisture  
This was determined by drying a common bean flour sample weighing 5 g in an oven 
(Memmert 854 Schwabach, Germany) at 102°C for 5 hrs (AOAC method 925.09) [18]. 
Then, the moisture content was estimated by using the following formula: 
 
Moisture( ) = �
Massofinitialsample − Massofdrysample
Massofinitialsample
� ∗ 100 
 
2. Ash  
Ash content was determined after carbonizing a common bean flour sample weighing 2 
and by igniting in a muffle furnace (GALLENKAMP, Model FSL 340-0100, U.K.) at 
550°C until ashing was completed (over 12 h) (AOAC method 923.03) [18]. Then, the 
ash content was estimated by the following formula: 
 
Totalash( ) = �
𝑊𝑊2 −𝑊𝑊
𝑊𝑊1 −𝑊𝑊
� ∗ 100 
 
Where, W= mass in grams of empty dish 
W1= Mass in grams of the dish plus sample dry matter basis (db) 
W2= Mass in grams of the dish plus ash 
 
3. Crude protein  
Crude protein content was analysed from a common bean flour sample weighing 1 g 
using the micro–Kjeldahl (Automatic Steam distillation unit, UDK142, UK) method of 
nitrogen (N) analysis (% crude protein = % N * 6.25) using urea as control (AOAC 
method 979.09) [18].  
 
TotalNitrogen(𝑔𝑔) =







Where, V2 = Volume in mL of the standard sulphuric acid solution used in the titration 
for the test material; V1= Volume in mL of the standard sulphuric acid solution used in 
the titration for the blank determination; N = Normality of standard sulphuric acid; W= 
mass of sample (db) and 14.007 atomic mass of nitrogen. 
 
4. Crude fat 
Crude fat content was determined by the gravimetric method from a dried common bean 
flour sample weighing 5 g and extracting with ether using the Soxhlet extraction method 
for at least 4 h (AOAC method 4.5.01)[18]. The crude fat content was determined by the 
following formula: 
 
Crudefat( ) = �
Wa − Wb
WD
� ∗ 100 
 
Where, Wa= mass of extraction flask + fat extracted; Wb= mass of extraction flask; WD= 
mass of sample (db). 
 
 
5. Crude fibre 
Crude fibre content was analysed by taking a common bean flour sample weighing 1.5 g 
as a portion of carbohydrate that resisted sequential digestion with 1.25 % sulphuric acid 
and 1.25% KOH, followed by sieving through 75 microns, drying at 130oC for 2 hrs in 
an oven (Memmert 854 Schwabach, Schwabach, Germany), ashing in a muffle furnace 
(GALLENKAMP, Model FSL 340-0100, London,  U.K.) until ashing was completed 
(over 1 h) and subtracting the ash from fibre (AOAC method 962.09) [18]. The crude 







Where, W1 = crucible mass + sample after drying; W2= crucible mass + sample after 
ashing and W3= initial sample mass (db). 
 
6. Total carbohydrates 
Total carbohydrate was determined by difference as follows: 
 
Totalcarbohydrate( ) = 100 − (moisture + protien + crudefiber + crudefat + ash). 
 
Determination of bean mineral contents  
Calcium, magnesium, and aluminium contents of the beans were determined after dry 
digestion of the bean flour samples (about 1 g) by atomic absorption spectrophotometer 
(Varian SpectraAA-20 Plus, Varian Australia Pty., Ltd., Australia) using air-acetylene 
gas as an energy source for the atomization (method 927.02, 920.09 and 928.03, 
respectively)[18]. For Ca and Mg analysis, 1% lanthanum solution (1mL La solution/5 




interference from phosphorus. For calcium analysis, absorbance was measured at 422.7 
nm and the calcium content was estimated from the standard solution (0.1-1.0μg Ca/mL) 
prepared from CaCO3. For the determination of magnesium content, absorbance was 
measured at 285.2 nm and the content of the mineral was estimated from a standard 
calibration curve (0.2-2.0 μg 3000x g/mL) prepared from an analytical grade Mg metal 
ribbon. For determination of aluminium content, emission was measured at 396.15 nm 
and the aluminium content was estimated from a standard calibration curve (0.2-20 μg 
Al/mL) prepared from an analytical grade Al metal. All determinations were done in 
duplicates. 
 





Where: μg/mL is concentration of analyte and 100 is original volume. Finally the result 
was expressed in mg/100g.   
 
Condensed tannin   
Condensed tannin contents were analysed using the vanillin-HCl assay method of [19]. 
Sample (about 200 mg) was extracted with 100 % methanol through vortex mixing for 
20 minutes, centrifuging (3000 x g  for 10 min), and using the supernatant in the analysis. 
Sample extracts (1 mL) was mixed with 5mL of vanillin-HCl reagent in test tubes and 
was then incubated at 30oC in water bath for 20 minutes. A sample blank in which the 
vanillin reagent was replaced by 4% HCl in methanol was included. Absorbance at 500 
nm was measured using Spectrophotometer (UV/Vis Spectrophotometer, 6505, 
CM63LB, Jenway Ltd, Essex, UK) and blank absorbance was subtracted from the 
sample. Catechin was used as a standard and the result was expressed as catechin 
equivalents (CE)/g sample (db).  
 
Data Analysis 
Data were subjected to analysis of variance (ANOVA) according to the Generalized 
Linear Model of SAS version 9.01[20]. Mean differences were separated using the least 




Effect of aluminium on proximate composition of beans 
Proximate composition of beans was significantly (P < 0.05) influenced by the main and 
the interaction effects of aluminium and the common bean genotype. The interaction 
terms of aluminium rate by genotype was significant for crude fat and total ash contents 
of the common bean genotypes under both soil liming regimes, and for crude fibre under 
the lime-untreated soil. There was no significant difference in bean moisture contents of 
the genotypes for both lime-treated and lime-untreated soils. Genotypic differences were 
not observed also for crude fat content under lime-untreated soil. The moisture content 
of the flour ranged from 8.2 to 9.4 % in lime-untreated soil and from 7.5 to 9.1 % in lime-





On average, the genotypes produced significantly higher crude protein, ash, and crude 
fat in the lime-treated soil than in the lime-untreated soil (Table 1, Figure 2). The bean 
crude protein content was markedly reduced in response to increasing the rate of 
aluminium application in both lime-treated and lime-untreated soils. However, the 
magnitude of reduction was higher in the lime-untreated soil (Table 1). The mean bean 
crude protein contents of the genotypes were 24.5% for the lime-untreated soil and 
25.5 % for the lime-treated soil. New BILFA 58 had higher crude protein content than 
Roba 1 at each aluminium level under both lime-treated and lime-untreated soils (Table 
1). The bean crude protein content of BILFA 58 was reduced by 3.8% and that of Roba 
1 was reduced by 4.21% when grown on the lime-untreated soil relative to the lime-
treated soil. 
 
Crude fibre and fat contents of the beans were affected by aluminium levels and 
genotypes. The highest crude fibre content was recorded in response to applying 
aluminium to the lime-untreated soil at the highest rate. The first four aluminium rates 
resulted in similar values of crude fibre content. The acidic soil sensitive genotype (Roba 
1) had higher crude fibre content than BILFA 58 under both liming regimes, with higher 
crude fibre contents recorded for the lime-untreated soil than the lime-treated soil. On 
average, lime application reduced the bean crude fibre content by 8.7%. Application of 
lime to the soil reduced the crude fibre content of new BILFA 58 by 10.2% and that of 
Roba 1 by 7.8% compared to no application of the material. Crude fat content of New 
BILFA was higher than that of Roba 1(Figure 2). Lime application improved bean fat 
content by ca. 20.7% on average (21.8% for new BILFA 58 and 19.7% for Roba 1). 
 
The two genotypes varied in bean total carbohydrate content under both liming regimes. 
Higher values were recorded for Roba 1 than New BILFA 58 under both growth 
conditions (Table 1). Lime application increased the bean ash contents of the genotype 
by 7.9 % over the untreated soil condition. New BILFA 58 had lower ash content than 






Figure 2: Crude fat (g/100g) and ash (g/100g) contents of two common bean 
genotypes (NB58- new BILFA 58 and Roba 1) grown under different 
levels of aluminium (Al) with lime-treated and lime-untreated soils  
 
Calcium and magnesium contents of beans 
The main as well as the interaction effects of genotype and aluminium rate significantly 
(P < 0.01) influenced seed calcium and magnesium contents under both soil liming 
regimes (Figure 3). Higher Ca and Mg contents in the seed were recorded for new BILFA 
58 than Roba 1 under both soil liming regimes. Evidently, the calcium content of the 
bean was improved by lime application. On average, lime application improved bean 
calcium contents by 11.7% (12.7% for new BILFA 58 and for 10.4% Roba 1). The 
highest calcium contents of the bean were recorded for the control (no aluminium) 
treatment but the lowest was recorded for the treatment with the maximum rate of 
aluminium application (100 mg Al/kg soil) under both liming regimes. Bean magnesium 
content, on the other hand, was unaffected by lime application. With the application of 
the different aluminium rates, New BILFA 58 attained higher bean Ca and Mg contents 
than Roba 1 (Figure 3). The contents of Ca and Mg in the bean decreased in response to 
the increased application of aluminium in both lime-untreated and lime-treated soils. 
However, the magnitude of the reduction was higher for the lime-untreated soil than the 




















































































Aluminium content of beans 
Significant differences in bean Al content was found between the two genotypes, liming 
regimes, and among the aluminium rates applied (Figure 3). As compared to the control 
treatment, application of aluminium at different rates significantly increased the bean 
aluminium content under both lime-treated and lime-untreated soil conditions. With the 
increase in the rate of aluminium application, the bean aluminium content also increased 
drastically. However, the increment was higher under the lime-untreated soil than under 
the lime-treated soil for the sensitive genotype (Roba 1). Generally, the seed aluminium 
content of the tolerant genotype (new BILFA 58 1) was lower than that of the sensitive 
genotype (Roba 1) when subjected to the different rates of aluminium. Bean aluminium 
contents of the genotypes decreased under the lime-treated soil as compared to the lime-
untreated soil. On average, lime application reduced aluminium contents of the beans by 
24.4% (23.2% for new BILFA 58 and 25.2% for Roba 1). However, the magnitude of 
aluminium translocated and stored in the beans of both genotypes was small relative to 









Figure 3: Calcium (g/kg db), magnesium (g/kg db) and aluminium (mg /kg db) 
contents of the two common bean genotypes grown under different levels 
of aluminium (Al) with lime-treated and lime-untreated soils  
 
Condensed tannin contents of beans 
Differences were found between the genotypes, soil liming regimes, and among the 
aluminium rates applied for condensed tannin contents of the common beans (Figure 4). 
Condensed tannin contents of the beans increased in response to increasing the rate of 
aluminium applied under lime-treated and lime-untreated soil conditions. However, the 
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increment was significantly higher for Roba 1(Figure 4) than new BILFA 58 when the 
soil was not limed. Bean condensed tannin content started showing a marked increase at 
the second aluminium level (12.5 mg Al/kg soil) and continued increasing afterwards for 
both genotypes under both liming regimes (Figure 4). Bean tannin content of Roba 1 was 
consistently higher than that of new BILFA 58 at each aluminium level under both soil 
liming regimes. The difference in the bean tannin content of new BILFA 58 when grown 
under the two contrasting soil liming regimes was relatively small compared to the 
difference observed in Roba 1 under the same conditions.  
 
 
Figure 4: Bean condensed tannin contents (mg catechin equivalents /g db) of the 
two genotypes grown under different levels of aluminium (Al) on lime-




The effect of Al on plant growth and development was studied by different researchers 
and the results indicated that Al injury could affect different organs and plant parts in 
different ways [21]. The results of this study revealed that common bean proximate 
composition and elemental nutrient contents of the genotypes were differentially affected 
by the rate of aluminium applied to the soil. Aluminium toxicity caused major changes 
in the composition of the beans. The application of aluminium considerably reduced bean 
protein contents of both genotypes, the higher reduction being observed for the sensitive 
genotype (Roba 1). The results of this study concur with the findings of a similar study 
in which the content of sorghum leaf amino acid reduced significantly in response to 
aluminium application [22]. The reduction in the protein synthesis could be attributed to 
the role aluminium plays in promoting reduction in the adenosine tri-phosphate (ATP) 
levels, thereby restricting DNA transcription during protein synthesis [23]. In other 
words, aluminium has an indirect negative effect on protein synthesis due to reduction in 
ATP production that supplies energy to the process of protein synthesis [22]. The authors 
also reported that the reduction in protein content of aluminium-treated plants was linked 
to nitrate reductase activity, which becomes a limiting factor in the nitrogen assimilation 
under aluminium stress, consequently decreasing protein synthesis [22]. An inhibitory 




















































Corroborating the results of this study, a stimulatory effect of aluminium stress on both 
reducing and non-reducing sugar levels was observed in the roots and shoots of wheat 
seedlings, with higher stimulatory effect on the aluminium tolerant cultivars [25]. The 
results of this study also demonstrated a stimulatory effect of aluminium on the total 
carbohydrate content of beans in response to the increased application of the element to 
the soil. The stimulatory effect of aluminium on bean total carbohydrate content was 
higher for the sensitive genotype (Roba 1) than the tolerant one (New BILFA 58).  
 
The total ash, which is an indirect indicator of the mineral content of foodstuffs, was 
found to be higher for New BILFA 58 than Roba 1 under both liming regimes. In this 
study, aluminium application affected the uptake of calcium and magnesium and their 
translocation to the biological yield (beans) under both soil liming regimes. Furthermore, 
the genotypes exhibited differences in bean mineral composition under similar levels of 
aluminium treatment with or without application of lime to the soil. Generally, the acid 
soil tolerant new BILFA 58 was observed to have higher bean mineral composition than 
Roba 1. In line with this result, Mariano and Keltjens [28] reported that Al-tolerant maize 
genotypes had higher contents of Ca and Mg than sensitive genotypes. Similar results 
were reported by Foy [29] that aluminium toxicity affected calcium uptake and its 
contents in plants. According to Xiao et al. [30], aluminium interferes with the uptake, 
transport, and use of essential elements. It reduces the uptake and transport of calcium 
and magnesium in the plants [31]. Similar to this result, Jianweietal.[32] reported 
genotypic differences in the Al inhibition of long-distance Ca2+ transport when the root 
apical region was exposed to the element. In another study, the mechanism by which Al 
inhibits Ca2+ influx was reported to be due to blockage of Ca2+ channels by aluminium, 
which mediates Ca2+ transport at the plasma membrane [33]. 
 
The accumulation of aluminium in the beans was very small as compared to its 
accumulation in the roots and shoots of both common bean genotypes. This signifies that 
the applied lime apparently reduced uptake, translocation, and accumulation of the 
element in the beans of the two genotypes. Consistent with these results, Chen[34] 
reported that application of lime (CaCO3) led to a significant decrease in aluminium 
contents in seeds. From the two genotypes, the uptake of aluminium by the sensitive 
genotype (Roba 1) was higher than that of the tolerant genotype (new BILFA 58). Similar 
to this result, Silva et al. [35], reported higher aluminium accumulation in the tissues of 
a sensitive wheat genotype than a tolerant one. However, in this study, bean aluminium 
contents of both genotypes were found to be below 0.02 % under both lime-treated and 
lime-untreated soils. Thus, the translocation of aluminium to the beans was apparently 
very small compared to its accumulation in other parts of the plants. Consistent with 
these results, Liu et al.[36] reported that Al accumulation in the beans primarily and 
predominantly occurred in the root apoplast (30–90 % of the total absorbed Al) of 
peripheral cells, and is only very slowly translocated to more central tissues [37].  
 
Leguminous species growing in the soil with large amounts of Al were found to have 
increased accumulation of tannins [38]. A similar result was observed in this study in 
which bean condensed tannin contents of both genotypes increased in response to the 




genotype (Roba 1) under no lime application. However, lime application decreased the 
bean condensed tannin content in both genotypes at the lower aluminium levels. In an 
earlier study, tannin content was reported to be 21.3 to 39.7 g catechinequiv/kg seed in 
wild and cultivated beans under optimum growth conations [39]. In this study, relatively 
higher bean condensed tannin contents than the values often reported for common bean 
genotypes were observed. This may be partly attributable to aluminium toxicity which 





The results of this study showed that the chemical quality attributes (crude protein, ash, 
calcium and magnesium contents) of common beans were negatively affected by 
aluminium application to both lime-treated and lime-untreated soils. On the other hand, 
carbohydrate, crude fibre, aluminium and condensed tannin contents of the genotypes 
increased in response to the increasing rate of aluminium application. Treating the soil 
with lime improved the bean chemical and nutritive qualities of both genotypes. 
Integrating the cultivation of improved and acid soil tolerant common bean varieties with 
soil liming could alleviate the problems of low yield as well as poor nutritional quality 
of common bean in the study area, where production of the crop is markedly constrained 
by aluminium toxicity due to the high prevalence of soil acidity.  
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Table 1: Mean squares of bean chemical quality parameters of the two genotypes 
as affected by aluminium treatment and genotypes on unlimed and limed 
soils 
Parameters  Lime Al G Al*G Error Mean CV(%) 
Moisture (%) UL 1.25*** 0.002ns 0.398ns 0.162 8.9 4.6 
L 3.012*** 0.009ns 0.139ns 0.048 8.3 2.7 
Crude protein (%) UL 15.43*** 50.23*** 0.764ns 0.545 24.5 3.0 
L 2.04* 50.0*** 1.002ns 0.555 25.5 2.9 
Crude fibre (%) UL 0.329*** 0.817*** 0.328*** 0.042 4.6 4.4 
L 0.267** 1.216*** 0.098ns 0.053 4.2 5.5 
Crude fat (%) UL 0.389*** 0.124* 0.343*** 0.0167 1.5 8.7 
L 0.352*** 0.069ns 0.965*** 0.0194 1.9 7.4 
Ash (%) UL 0.18*** 1.06*** 0.117** 0.012 3.9 2.8 
L 1.184*** 0.954*** 0.357*** 0.001 4.3 0.5 
Total CH2O (%) UL 8.293*** 22.59*** 0.387ns 0.65 55.6 1.4 
L 5.24** 23.27** 1.45ns 0.70 55.9 1.5 
Ca (mg/100g) UL 0.041*** 0.24*** 0.0049*** 0.000004 0.7 0.3 
L 0.79*** 3.72*** 0.0056*** 0.00013 0.8 1.4 
Mg (mg/100g) UL 1.19*** 10.3*** 0.13*** 0.00039 1.5 1.3 
L 2.42*** 12.27*** 0.73*** 0.00078 1.4 1.9 
Al (mg/100g) UL 11.21*** 154.6*** 6.55** 0.901 12.6 7.8 
L 8.79*** 77.12*** 3.61** 0.743 9.2 9.4 
CH2O = Carbohydrate; Al =aluminium; G= genotype; CV(%) = coefficient of variation; 







Table 2: Bean crude protein, moisture, crude fibre and carbohydrate contents of 






Crude protein (%) Moisture (%) Crude fibre (%) CH2O (%) 
UL L UL L UL L UL L 
0.0 26.8+0.5a 26.4+0.5a 8.7+0.3b 8.8+0.1a 4.5+0.1b 3.9+0.2c 54.6b 55.1b 
12.5 25.4+0.7b 25.9+0.4ab 8.2+0.1c 7.5+0.04c 4.6+0.1b 4.2+0.1ab 56.9a 56.5a 
25.0 24.3+0.9c 25.3+0.6bc 9.1+0.2ab 7.5+0.1c 4.5+0.2b 4.1+0.2bc 56.6a 56.3a 
50.0 23.4+0.6d 25.2+0.8bc 9.4+0.01a 9.1+0.01a 4.6+0.01b 4.3+0.1ab 57.3a 54.7b 
100.0 22.8+0.7d  24.9+0.8c 8.9+0.2b 8.4+0.2b 5.01+0.2a 4.4+0.2a 57.5a 56.7a 
Genotypes    
NB58 25.8+0.4a 26.8+0.2a 8.9+0.2ns 8.3+0.2ns 4.4+0.06b 3.9+0.1b 55.7b 54.9b 
Roba 1 23.2+0.5b 24.3+0.3b 8.7+0.1ns 8.2+0.2ns 4.8+0.11a 4.4+0.04a 57.5a 56.7a 
Mean  24.51 25.53 8.86 8.25 4.59 4.19 55.6 55.9 
CV (%) 3.01 2.9 8.3 2.7 4.44 5.5 1.42 1.5 
Where, UL- unlimed; L- limed; CH2O= total carbohydrate; NB58-new BILFA 58, Means followed by the 
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